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METHOD FOR PRODUCING A
SEMICONDUCTOR BODY

This patent application 1s a national phase filing under
section 371 of PCT/EP2016/052809, filed Feb. 10, 2016,
which claims the priority of German patent application 10

2015 102 3784, filed Feb. 19, 2015, each of which 1s
incorporated herein by reference 1n 1ts entirety.

TECHNICAL FIELD

A method 1s provided for producing a semiconductor
body with a recess.

BACKGROUND

In order to contact a semiconductor layer, covered with
one or more further semiconductor layers, of a semiconduc-
tor layer sequence, one or more through-connections, so-
called vias, may be used, which extend through the covering
semiconductor layers to the semiconductor layer to be
contacted. These through-connections are conventionally
openings in the semiconductor layer sequence in the form of
blind holes which project through a part of the semiconduc-
tor layer sequence and which are filled with an electrically
conductive material. To prevent a through-connection short-
circuiting the semiconductor layers through which 1t passes,
the sidewalls of the opemings in which through-connections
are arranged are conventionally provided with an electrically
insulating layer, such that, within the semiconductor layer
sequence, the through-connection 1s in electrical contact
only with the semiconductor layer to be contacted.

To produce a through-connection, therefore, firstly an
opening has to be produced in the semiconductor layer
sequence. Secondly, the sidewalls of the opening need to be
provided with an electrically msulating layer, wherein that
part of the opening 1n which the semiconductor layer to be
contacted lies exposed must be at least partly free of the
clectrically insulating layer. These two steps are conven-
tionally performed in the prior art using photoresist masks
and with the assistance of two separate photo levels. This
means that one photomask 1s used to produce the openings
in the semiconductor layer sequence and then a further
photomask 1s used to pattern the electrically insulating layer
in such a way that the openings in the region of the
semiconductor layer to be contacted are at least partially free
of the electrically insulating layer. For this purpose,
extremely accurate and thus complex process control is
needed, since the second photomask requires very high
precision.

SUMMARY OF THE INVENTION

Embodiments of the invention provide a method for
producing a semiconductor body which comprises at least
one recess provided with a passivation layer.

Advantageous embodiments and further developments of
the subject matter are revealed by the following description
and drawings.

According to at least one embodiment, a method 1s
provided for producing a semiconductor body. The method
may 1n particular be a method for producing a semiconduc-
tor body with at least one recess provided with a passivation
layer.

According to one further embodiment, a semiconductor
body 1s provided. The semiconductor body may comprise
one or more semiconductor layers, which preferably form a
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2

semiconductor layer sequence and which may be applied to
a growth substrate by an epitaxial growth method. The
semiconductor body may, for example, be a semiconductor
layer sequence which 1s provided for the production of
optoelectronically active semiconductor chips, for example,
light-emitting or light-absorbing semiconductor chips. To
this end, the semiconductor body may comprise a semicon-
ductor layer sequence with at least one optoelectronically
active region, 1n particular a light-emitting or light-detecting
region, which 1s arranged between further semiconductor
layers which may have mutually different conduction types.
Alternatively, the semiconductor body may also be a non-
optoelectronically active semiconductor body. For example,
the semiconductor body may be provided for the production
of electronic semiconductor chips such as, for example,
transistors or other electronic devices. The semiconductor
body may be provided on a carrier element which may be a
growth substrate or a carrier substrate other than a growth
substrate.

The semiconductor body may be based, for example, on
a compound semiconductor material system, in particular a
I11I-V compound semiconductor system, and comprise semi-
conductor layers which comprise an arsemde, phosphide
and/or nitride compound semiconductor material. Alterna-
tively, other semiconductor materials are also feasible, for
example, II-VI compound semiconductor materials, silicon-
based semiconductor materials or germanium-based semi-
conductor materials.

According to one further embodiment, a first mask layer
1s applied to the semiconductor body. The semiconductor
body may in particular, in terms of the production thereof in
the form of one or more semiconductor layers, have a
growth direction such that the semiconductor body termi-
nates with a major surface in the growth direction. The first
mask layer may in particular be arranged on the major
surface terminating the semiconductor body 1n the growth
direction, which surface may be perpendicular to the growth
direction.

In particular, the first mask layer may be a resist mask,
1.€., in particular a photoresist. The first mask layer 1s applied
patterned with at least one first mask opening. The at least
one first mask opening lies in the region in which the at least
one recess 1s to be formed 1n the semiconductor body. The
first mask layer may 1n particular comprise one or a plurality
of first mask openings 1n the region(s) in which one or a
plurality of recesses are to be formed 1n the semiconductor
body. To produce the at least one first mask opening in the
first mask layer, the first mask layer may, for example, be
applied over a large areca ol the major surface of the
semiconductor body and then be patterned using a suitable
exposure process to produce the at least one first mask
opening.

According to one further embodiment, a second mask
layer 1s applied to the semiconductor body. The second mask
layer 1s applied 1n particular between the first mask layer and
the semiconductor body. In other words, the second mask
layer 1s firstly applied to the semiconductor body and the
first mask layer 1s then applied to the second. The second
mask layer 1s applied in particular unpatterned and over a
large area, 1.€., 1n particular without an opening in the region
of the at least one first mask opening of the first mask layer.
To apply the second mask layer, a non-patterming, large-area
method may thus be used, without the use of a mask. The
first mask layer 1s thus applied to the second mask layer,
which has been applied unpatterned over a large area. The
second mask layer may in particular be a hard mask. The
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second mask layer may, for example, comprise or consist of
an oxide or an oxynitride, preterably silicon dioxide (S10,)
or silicon oxynitride (S10N).

According to one further embodiment, at least one second
mask opening 1n the second mask layer and at least one
recess 1n the semiconductor body are formed 1n the region of
the at least one first mask opening 1n the first mask layer. In
other words, wherever the first mask layer comprises a {first
mask opening a second mask opening 1s formed in the
second mask layer and a recess 1s formed 1n the semicon-
ductor body. The first mask layer 1s thus used inter alia to
pattern the second mask layer, wherein this patterning does
not take place 1n a separate procedure but rather in the course
of production of the at least one recess 1n the semiconductor
body.

The at least one recess to be produced projects from the
major surface on which the first mask layer 1s applied into
the semiconductor body preferably in a direction parallel to
the growth direction thereof. The at least one recess 1n the
semiconductor body may in particular form a blind hole-
type recess, 1.€., a recess which projects mnto the semicon-
ductor body but does not extend right through 1t. The recess
may thus comprise a side face and a bottom face, which are
tormed by surfaces of the semiconductor body. The side face
in this case surrounds the bottom face and may be formed by
different crystal faces of the semiconductor body. In par-
ticular, the at least one second mask opening and the at least
one recess 1n the semiconductor body are formed 1n such a
way, viewed from the first mask opening, that the recess
forms an undercut with the second mask opening. In other
words, 1n the region of the second mask opening the second
mask layer forms an overhang which protrudes beyond the
side face of the recess. When looking into the recess from
the first mask layer, at least some of the side face of the
recess thus appears shadowed by the second mask layer.

According to one further embodiment, the at least one
second mask opening and the at least one recess are pro-
duced using a joint patterning method, 1 particular using a
joint etching method. The joint etching method with which
the at least one second mask opening and the at least one
recess are formed may in particular be a wet chemical
ctching method. Alternatively, it may also be possible for a
first etching method to be used to form the at least one
second mask opening and for at least one second etching
method to be used to form the at least one recess. The at least
one second mask opeming and the at least one recess may
thus be formed using a two-stage etching method, 1.e., with
first and second etching methods carried out one after the
other. The first etching method may be a dry chemical
ctching method. The dry chemical etching method for form-
ing the at least one second mask opening may, for example,
be an etching method 1n which a fluorine-containing gas, in
particular a fluorine plasma, 1s used. The second etching
method may be a wet chemical etching method. The first and
second etching methods may in particular be adapted respec-
tively to the material of the second mask layer and the
material of the semiconductor body, in particular also with
regard to the production of an undercut. In this respect, it
may also be possible for some of the semiconductor material
of the semiconductor body to be removed as early as with
the first etching method and for the second etching method
to be used to produce the final shape of the recess in the
semiconductor body, 1n particular the undercut.

According to one further embodiment, a passivation layer
1s applied to the second mask layer and to the side face and
the bottom face of the at least one recess. This means in
particular that the passivation layer 1s applied to the second
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4

mask layer and to the side face and the bottom face of the
at least one recess unpatterned and over a large area.
According to one further embodiment, the first mask layer
1s removed, for istance by a suitable lift-ofl method, prior
to application of the passivation layer and after formation of
the at least one second mask opening and the at least one
recess 1n the semiconductor body. The passivation layer may
thus be applied, for example, directly to the second mask
layer. After application of the passivation layer, the latter
preferably covers all the surfaces of the second mask layer
and of the semiconductor body which lie exposed prior to
application of the passivation layer in the region of the
second mask opening and of the recess in the semiconductor
body. In particular, the passivation layer also covers the
region of the recess in the semiconductor body which 1s
shadowed by the second mask layer when viewed 1n plan
view onto the second mask layer and into the recess. The
passivation layer thus preferably forms a contiguous layer,
which extends from the surface of the second mask layer
remote from the semiconductor body through the at least one
second mask opening over the undercut and over the sur-
faces of the at least one recess. This may proceed by using
a non-directional deposition method, for example, a chemi-
cal vapor deposition method such as for istance plasma-
enhanced chemical vapor deposition (PECVD) or atomic
layer deposition (ALD). When forming the passivation
layer, a method 1s particularly advantageous which allows
conformal coating of the surfaces to be coated, such that
shadowed regions may also be coated with the passivation
layer. The passivation layer may in particular comprise an
clectrically insulating material. The passivation layer may,
for example, comprise an oxide or oxynitride, for nstance
silicon dioxide (S10,) or silicon oxynitride (S1ON). It may
in particular also be possible for the second mask layer and
the passivation layer to comprise the same matenal.
According to one further embodiment, the passivation
layer 1s removed from the bottom face of the at least one
recess. This may mean 1n particular that at least some of the
bottom face of the at least one recess 1s uncovered by
removal of the passivation layer. Furthermore, the passiva-
tion layer may also be removed from the side of the second
mask layer remote from the semiconductor body. In particu-
lar, the passivation layer 1s removed from the bottom face of
the at least one recess 1n such a way that the passivation layer
remains at least 1n part on the side face of the at least one
recess. In other words, the bottom face of the at least one
recess 1s thus uncovered, while the side face remains cov-
ered by at least some of the passivation layer. The passiva-
tion layer particularly preferably remains only on the side
face of the at least one recess 1n the semiconductor body.
The passivation layer may be removed, for example, by
means ol a directional etch back method, such that the
passivation layer may be purposefully removed from the
bottom face of the at least one recess and optionally from the
side of the second mask layer remote from the semiconduc-
tor body. The directional etch back method may, for
example, be a dry chemical etching method, for example,
using a fluorine-containing gas, for instance a fluorine
plasma. Because the second mask layer with the at least one
recess 1n the semiconductor body forms an undercut and
thus the side face of the at least one recess 1s shadowed by
the second mask layer, it 1s possible to ensure that only the
bottom face and not the side face of the recess 1s accessible
through the at least one second mask opening for the
directional etch back method. To remove the passivation
layer, a large-area directional etch back method may thus be
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used, without a separate mask being necessary. Instead, the
second mask layer forms the mask necessary for removal of
the passivation layer.

The method described here thus comprises a self-adjust-
Ing process sequence comprising combined defimition of the
at least one recess 1n the semiconductor body and production
of the second mask openming 1n the second mask layer. This
enables simplified process control and thus a reduction 1n
cost and a reduced space requirement compared with known
methods. In addition, no demands are made with respect to
the inclination of the side face of the at least one recess in
the semiconductor body, as long as 1t 1s ensured that the
second mask layer forms a sufliciently large overhang over
the side face of the at least one recess to shadow the latter
suiliciently for the procedure of removing the passivation
layer.

According to one further embodiment, the second mask
layer remains on the semiconductor body after selective
removal of the passivation layer. Together with the passi-
vation layer on the side face of the at least one recess 1n the
semiconductor body, a contiguous insulation layer may be
formed on the semiconductor body. This 1nsulation layer
may be configured such that it substantially only does not
cover the bottom face of the at least one recess.

According to one further embodiment, an etch stop layer
1s applied between the first and second mask layers. The etch
stop layer may thus be applied as a cover layer to the second
mask layer prior to formation of the first mask layer with the
at least one first mask opening.

According to one further embodiment, 1n the course of the
above-described formation of the at least one second mask
opening in the second mask layer an opening 1n the etch stop
layer 1s additionally formed 1n the region of the at least one
first mask opening in the first mask layer. Depending on the
material of the etch stop layer, the opening in the etch stop
layer may be formed at the same time, 1.e., with the same
method, as formation of the at least one second mask
opening 1n the second mask layer. Alternatively, a separate
method, 1n particular an etching method, may be used to
produce the at least one opening in the etch stop layer. The
ctch stop layer may, for example, comprise or consist of
aluminum oxide (Al,O,). For selective opening of the etch
stop layer, 1n this case phosphoric acid (H;PO,)) 1s particu-
larly suitable. After formation of the at least one second
mask opeming and the at least one recess 1n the semicon-
ductor body, the etch stop layer thus preferably remains only
on the side of the second mask layer remote from the
semiconductor body.

As an alternative to application of an etch stop layer prior
to formation of the at least one second mask opeming 1n the
second mask layer, the etch stop layer may also be applied
over a large area after formation of the at least one second
mask opening and of the at least one recess. The etch stop
layer may 1n particular be applied after removal of the first
mask layer. In other words, the etch stop layer may proceed
prior to application of the passivation layer in the way
described further above for the passivation layer. This may
mean 1n particular that, in this case, after application the etch
stop layer covers the side face and the bottom face of the at
least one recess 1n the semiconductor body.

Irrespective of the time at which the etch stop layer 1s
applied, the passivation layer may be applied to the etch stop
layer, such that, after application of the passivation layer, the
ctch stop layer 1s completely covered thereby. This means,
in other words, that 1n the case of large-area application of
the etch stop layer, the passivation layer i1s then likewise
applied thereto over a large area.
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Removal of the passivation layer in particular at least
from the bottom face of the at least one recess may also take
place 1n the presence of an etch stop layer in the manner
described further above. It the etch stop layer inter alia also
covers the bottom face of the at least one recess, it may, after
selective removal of the passivation layer 1n the region of the
bottom face of the recess in the semiconductor body, be
selectively removed 1n similar manner to the passivation
layer by a directional etching method.

Through use of an etch stop layer, the second mask layer
or the second mask layer and the bottom face of the recess
in the semiconductor body may be protected during selective
removal of the passivation layer 1n particular when using the
previously described directional etch back method. If used
as a material for the etch stop layer, aluminum oxide may,
for example, act very selectively against fluorine-containing
gases, such that, on removal of the passivation layer by
means of such materials, the materials lying under the etch
stop layer are protected. Through use of the etch stop layer,
process control may continue with less stringent require-
ments 1n particular 1n respect of the duration of the method
for removing the passivation layer. Over-etching may thus
proceed for an extended period without the problem arising
of the second mask layer being damaged or etched through.
It the etch stop layer i1s deposited directly prior to the
passivation layer, the etch stop layer remains, together with
the passivation layer, at least in part on the side face of the
at least one recess, after the etch stop layer and the passi-
vation layer have been removed from the bottom face of the
at least one recess and from the side of the second mask layer
remote from the semiconductor body. The etch stop layer in
this case contributes functionally to passivation of the side
face of the at least one recess 1n the semiconductor body.

According to one further embodiment, 1n a method for
producing a semiconductor chip with at least one through-
connection a semiconductor body 1s produced with at least
one recess provided with a passivation layer according to
one or more of the previous embodiments. To complete the
through-connection, the recess provided with the passivation
layer on the side face may be filled with an electrically
conductive matenal, in particular a metal or an alloy. Since
the at least one recess in the semiconductor body i1s prefer-
ably free of the passivation layer solely 1n the region of the
bottom face of the recess, the electrically conductive mate-
rial with which the recess 1s filled 1s electrically connected
with the corresponding semiconductor layer of the semicon-
ductor body forming the bottom face only at the bottom face.
This makes 1t possible electrically to contact this semicon-
ductor layer from the opposite side of the semiconductor
body. The semiconductor body may be mounted on a carrier
by its side formed by the second mask layer, for example,
using a bonding layer. The semiconductor layer contacted by
the at least one through-connection may thus be contacted
from the side of the semiconductor body facing the carrier.

BRIEF DESCRIPTION OF THE DRAWINGS

Further advantages, advantageous embodiments and fur-
ther developments are revealed by the exemplary embodi-
ments described below 1n connection with the figures, in
which:

FIG. 1 shows a schematic representation of an example of
a semiconductor chip with through-connections,

FIGS. 2A to 2D show schematic representations of
method steps of a method according to one exemplary
embodiment,
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FIGS. 3A and 3B show schematic representations of
method steps of a method according to a further exemplary
embodiment,

FIGS. 4A to 4D show schematic representations of
method steps of a method according to a further exemplary
embodiment and

FIGS. 5A to SE show schematic representations of
method steps of a method according to a further exemplary
embodiment.

In the exemplary embodiments and figures, i1dentical,
similar or i1dentically acting elements are provided in each
case with the same reference numerals. The elements 1llus-
trated and their size ratios to one another should not be
regarded as being to scale, but rather individual elements,
such as, for example, layers, components, devices and
regions, may have been made exaggeratedly large to illus-
trate them better and/or to aid comprehension.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

To assist 1n understanding of the methods described in the
following exemplary embodiments, FIG. 1 shows a semi-
conductor chip 100 which comprises through-connections,
or vias, 1 a semiconductor body 101.

The semiconductor chip 100 comprises a semiconductor
layer sequence which forms the semiconductor body 101
and which comprises an active region 102 provided for
generating light, which active region 1s arranged between a
first semiconductor layer 103 and a second semiconductor
layer 104. In the example shown, the semiconductor body
101 has been applied to a carrier 105. The first semicon-
ductor layer 103 1s arranged on the side of the active region
102 remote from the carmer 105. Examples of suitable
materials for the carrier 105 are semiconductor materials
such as for instance germanium or silicon, which may be
doped.

The first semiconductor layer 103 and the second semi-
conductor layer 104 have diflerent conduction types, such
that the active region 102 1s arranged 1n a diode structure.
For example, the first semiconductor layer 103 may be
n-conductive and the second semiconductor layer 104
p-conductive or vice versa.

The side of the semiconductor body 101 remote from the
carrier 105 forms a radiation exit face 106 of the semicon-
ductor chip 100. When the semiconductor chip 100 1s 1n
operation, light 1s generated in the active region 102 which
preferably predominantly exits from the semiconductor chip
100 through the radiation exit face 106.

The semiconductor body 101, in particular the active
region 102, preferably contains a I1I-V semiconductor mate-
rial. III-V semiconductor materials are particularly suitable
for generating radiation in the ultraviolet (In ,Ga Al,__ N)
through the visible (In,Ga Al,__ N, in particular for blue to
green radiation, or In, Ga Al,___ P, in particular for yellow to
red radiation) to the infrared (In,Ga Al,_ _ As) region of the
spectrum. Here in each case O=x=l, O=y=1 and x+y=l
applies, 1n particular with x=1, y=1, x=0 and/or y=0. Using
I1I-V semiconductor materials, 1n particular from the stated
material systems, 1t 1s additionally possible to achieve high
internal quantum ethciencies in the generation of radiation.

The semiconductor body 101 1s bonded to a major surface
of the carrier 1035 facing the semiconductor body 101 by
means of a bonding layer 107. The bonding layer 107 may,
for example, be an adhesive layer, 1n particular an electri-
cally conductive adhesive layer, or a solder layer.
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A first connection layer 108 1s additionally formed
between the semiconductor body 101 and the carnier 105.
The semiconductor body 101 comprises a plurality of
recesses 109 which extend through the second semiconduc-
tor layer 104 and through the active region 102 into the first
semiconductor layer 103. The first connection layer 108
extends through the recesses 109 and produces, from the
side of the semiconductor body 101 facing the carrier 105,
an electrically conductive connection with the first semicon-
ductor layer 103, such that the first semiconductor layer 103
may be electrically contacted from the carrier side through
the through-connections formed 1n this way. Furthermore, a
second connection layer no 1s formed between the semicon-
ductor body 101 and the carrier 105 which serves 1n elec-
trical contacting of the second semiconductor layer 104.

The plurality of recesses 109 and thus the plurality of
connections serve to inject charge carriers uniformly 1n the
lateral direction via the first semiconductor layer 103 into
the active region 102. The recesses 109 may, for example, be
arranged 1n the manner of a matrix or in the form of a
honeycomb pattern. In particular in the case of suflicient
transverse conductivity of the first semiconductor layer 103,
an embodiment of the semiconductor chip 100 1s also
conceilvable which comprises just one single recess 109 and
thus a single through-connection for electrical contacting of
the first semiconductor layer 103.

The first connection layer 108 and/or the second connec-
tion layer no preferably in each case contain a metal, for
example, titanium, platinum, mickel, gold, silver, aluminum
or rhodium or a metal alloy comprising at least one of the
stated materials, or consist of a metal or a metal alloy.
Alternatively or 1n addition, the first connection layer 108
and/or the second connection layer no may contain a trans-
parent conductive oxide or consist of such a matenal.
Transparent conductive oxides (1CO) are transparent, con-
ductive matenals, generally metal oxides, such as, for
example, zinc oxide, tin oxide, aluminum tin oxide, cad-
mium oxide, titanium oxide, indium oxide and indium tin
oxide (ITO). In addition to binary metal-oxygen compounds,
such as, for example, ZnO, SnO, or In,O,, ternary metal-
oxygen compounds, such as, for example, Zn,SnQO,,
CdSnO,, ZnSnO,, Mgln,O,, GalnO,, 7Zn,In, 0. or
In,Sn,0,, or mixtures of different transparent conductive
oxides also belong to the TCO group. Furthermore, TCOs do
not necessarily correspond to a stoichiometric composition
and may also be p- or n-doped. The second connection layer
110 turther preferably exhibits high reflectivity for the light
generated in the active region 102. In the ultraviolet and blue
spectral region, silver, aluminum or rhodium are, for
example, suitable with regard to high reflectivity while gold
1s, for example, suitable 1n the red and infrared spectral
region. By means of a reflective second connection layer
110, light generated 1n the active region 102 and emitted
towards the carrier 105 may be deflected towards the radia-
tion exit face 106 and exit through the latter from the
semiconductor chip 100.

The semiconductor chip 100 comprises contacts 111, 112
which are provided for external electrical contacting of the
semiconductor chip 100. When the semiconductor chip 100
1s 1n operation, through the application of an electrical
voltage between the contacts 111, 112 charge carriers can be
injected from different sides into the active region 102 and
there recombine with light emission.

The contacts 111, 112 may in particular contain a metal
mentioned in connection with the first and second connec-
tion layers 108, 110 or a metal alloy having one of these
materials or consist of such a material. Suitable materials are
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in particular those with which external electrical contacting,
for instance by means of a bonding wire or by means of a
soldered joint, may straightforwardly be produced. Gold 1s,
for example, particularly suitable as a maternial for the
contacts 111, 112.

To prevent an electrical short-circuit of the active region
102, an 1insulation layer 113 1s formed between the side faces
of the recesses 109 and the first connection layer 108.
Furthermore, the msulation layer 113 extends between the
connection layers 108 and no, such that an electrical short
circuit therebetween may be simply prevented. The 1nsula-
tion layer 113 may, for example, contain an oxide, for
instance silicon oxide or titanium oxide, a nitride, for
instance silicon nitride, or an oxynitride, for instance silicon
oxynitride or consist of such a matenal.

Electrical contacting of the connection layers 108, no by
means of the contacts 111, 112 proceeds in the example
shown merely by way of example by arranging the contacts
111, 112 on opposing sides of the carrier 105 and by
injecting charge carriers through an electrically conductive,
unpatterned carrier 105. Unlike 1n the example shown, the
carrier 105 may also comprise at least one cutout, which
extends vertically through the carrier 105 and which 1s filled
with an electrically conductive material, for instance a
metal. In this case, the carrier 105 may also be electrically
insulating. The carrier 105 may 1n this case, for example,
contain a ceramic material, for instance aluminum nitride,
aluminum oxide or silicon nitride, or consist of such a
material.

Furthermore, the side of the carrier 105 remote from the
semiconductor body 101 may, unlike in the example shown,
be free of an electrical contact. The electrical contacts 111,
112 may thus both be arranged on the side of the carrier 105
tacing the semiconductor body 101. In this case, the carrier
105 1s preferably electrically insulating. In contrast thereto,
however, an electrically conductive carrier 105 may also be
used.

Unlike 1n the example shown, 1n a further alternative the
contacts 111, 112 may be arranged on the side of the carrier
105 remote from the semiconductor body 101, such that the
semiconductor chip 100 1s electrically contactable solely

from one side of the carrier 105. For electrical contacting of
the first connection layer 108 and for electrical contacting of

the second connection layer no in each case at least one
cutout may, for example, be provided in the preferably
clectrically msulating carrier 105, said cutouts in each case
extending vertically through the carrier 105.

The semiconductor chip 100 shown 1n FIG. 1, which may
take the form of a light-emitting diode chip or a laser diode
chip, should be understood purely as an example and not as
limiting with regard to subsequent exemplary embodiments.
In particular, the semiconductor chip 100 may also comprise
a light-absorbing active region instead of a light-emitting
active region 102. Furthermore, the semiconductor chip 100
may also additionally or alternatively have a non-optoelec-
tronic functionality, for example, 1n the form of a non-light-
emitting diode or a transistor.

In conjunction with subsequent FIGS. 2A to 5E, exem-
plary embodiments are disclosed of methods for producing
at least one recess 10 1 a semiconductor body 1 and
provided with a passivation layer 8. In the context of a
method for producing a semiconductor chip, the at least one
recess 10 provided with a passivation layer 8 may further-
more be filled with an electrically conductive material for
forming an above-described connection layer, such that the
clectrically conductive material arranged 1n the recess forms
a through-connection.
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Purely by way of example and without limiting general
applicability, the semiconductor bodies 1 revealed below
may be configured like the semiconductor body 101 of the
semiconductor chip 100 of FIG. 1 and may also, without
turther explicit reference, comprise features according to the
example of FIG. 1. The methods described below are
however also applicable to other semiconductor bodies
which may, for example, comprise diflerent layer sequences
and/or materials from the semiconductor body 101 accord-
ing to the above description.

FIGS. 2A to 2D show an exemplary embodiment of a
method for producing a semiconductor body with at least
one recess provided with a passivation layer. Each of FIGS.
2A to 2D and also of the subsequent figures shows a portion
of the semiconductor body 1 and also of the layers applied
thereto, the openings and the recess in the semiconductor
body 1.

As shown i FIG. 2A, a semiconductor body 1 1s pro-
vided, 1n the exemplary embodiment shown in the form of
a semiconductor layer sequence with an active region 2
between a first semiconductor layer 3 and a second semi-
conductor layer 4. The semiconductor layer sequence may,
for example, be deposited epitaxially, for instance by means
ol metal-organic vapor phase epitaxy (MOVPE) or molecu-
lar beam epitaxy (MBE), on a growth substrate. In contrast
thereto, the semiconductor body 1 may also be provided on
an auxiliary carrier other than the growth substrate.

In the context of the method steps described below, at
least one recess 10 1s formed from the side of the semicon-
ductor body remote from the growth substrate or optionally
from the auxiliary carrier, which recess 10 extends into the
semiconductor body 1, as shown, for example, 1n FIG. 2B.
This conveniently proceeds after the conclusion of deposi-
tion of the semiconductor layer sequence and thus after the
conclusion of production of the semiconductor body 1, such
that the semiconductor body 1 terminates, 1n a direction
along the growth direction of the semiconductor layer
sequence, with a major surface which may be perpendicular
to the direction of growth. In the exemplary embodiment
shown, the at least one recess 10 extends from this major
surface through the second semiconductor layer 4 and the
active region 2 into the first semiconductor layer 3.

As shown 1n FIG. 2A, to form the at least one recess 10
in the semiconductor body 1 a first mask layer 5 and a
second mask layer 6 are applied to the semiconductor body
1, wherein the second mask layer i1s arranged between the
first mask layer 5§ and the semiconductor body 1. This
means, 1n other words, that firstly the second mask layer 6
1s applied to the semiconductor body 1 and then the first
mask layer 5 1s deposited on the second mask layer 6. The
mask layers 5, 6 are applied in particular on the major
surface terminating the semiconductor body 1 in the direc-
tion of growth.

The first mask layer 5 1s applied patterned with at least
one first mask opening 50 to the second mask layer 6. To this
end, for example, a photoresist may be applied as the
maternal for the first mask layer 5 which 1s patterned with the
assistance of suitable exposure and development steps to
form the first mask opening 50. As mentioned above, FIG.
2A and the subsequent figures show only a portion of the
first mask opening 50, which defines the region in which the
recess 10 1s to be produced in the semiconductor body 1. The
first mask layer 5 may 1n particular comprise one or more
first mask openmings 50, depending on how many recesses 10
are to be formed 1n the semiconductor body.

Prior to application of the first mask layer 5, the second
mask layer 6 1s applied unpatterned and over a large area to
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the semiconductor body 1. The second mask layer 6 may in
particular be a hard mask, which, for example, comprises or
consists of an oxide or oxynitride such as for instance silicon
dioxide or silicon oxynitride. The second mask layer 6 may
be formed using a suitable method acting over a large area,
for example, a chemical or physical vapor deposition
method.

In a further method step, as shown 1n FIG. 2B, at least one
second mask opening 60 1s formed 1n the second mask layer
6 and at least one recess 10 1s formed 1n the semiconductor
body 1 1n the region of the at least one first mask opening 50
in the first mask layer 5. To this end, an etching method may
in particular be used, for example, a wet chemical etching
method. Formation of the at least one second mask opening,
60 and of the at least one recess 10 may proceed 1n particular
by means of a joint etching method. The etching parameters
are 1n this case adjusted 1n such a way that the recess 10,
which comprises a side face 11 and a bottom face 12, forms
an undercut 13 with the second mask opening 60, when
viewed from the first mask opening 50. This means, 1n other
words, that the second mask opening 60 has a smaller
cross-section than the recess 10 1n a region directly beneath
the second mask opening 60. The second mask layer 6 thus
projects over the recess 10 1n the peripheral region of the
recess 10, such that in plan view onto the first and/or second
mask layer 5, 6 and into the recess 10 the side face 11 of the
recess 10 1s shadowed by the second mask layer 6.

The first and second mask openings 50, 60 and accord-
ingly the recess 10 may have a round or a polygonal
cross-sectional shape. The first and second mask openings
50, 60 may each have dimensions 1n the range of a few tens
of micrometers, for example, around 30 um to around 50
um. The depth of the underetch 1n the semiconductor body
1 directly beneath the second mask layer 6, 1.e., the size of
the undercut 13, 1s greater than or equal to the thickness of
the subsequently applied passivation layer 8 and may
amount, for example, to up to 300 nm, while the depth of the
recess 10 ito the semiconductor body 1 may amount, for
example, to around 600 nm to 700 nm, depending on how
thick the region of the semiconductor layer sequence 1s
which 1s to be bridged by the through-connection. Contact
metallization, like the connection layer no described above
in relation to FIG. 1, may be arranged between the second
mask layer 6 and the semiconductor body 1 with spacing, for
example, spacing of one or more micrometers, typically
around 5 um. The dimensions described should be under-
stood as being given purely by way of example and may also
deviate from the stated values depending on the configura-
tion of the semiconductor body 1 and depending on the
requirements placed on the semiconductor chip to be pro-
duced.

In a further method step, as shown i FIG. 2C, a passi-
vation layer 8 1s applied over a large area and unpatterned.
To this end, prior to application of the passivation layer 8 the
first mask layer 5 may in particular be removed. The
passivation layer 8 1s applied using a method which 1s
suitable for covering all bare surfaces of the second mask
layer 6 and all bare surfaces of the recess 10 as uniformly as
possible and at least with a continuous layer. A plasma-
enhanced chemical vapor deposition method or an atomic
layer deposition method may be used, for example. After
application of the passivation layer 8, the latter completely
covers the side face 11 of the recess 10 even in the region of
the underetch forming the undercut 13 directly beneath the
second mask layer 6, 1.e., at the edge of the recess 10. The
passivation layer 8 comprises an electrically insulating
material, for example, an oxide or oxynitride such as for
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instance silicon dioxide or silicon oxynitride. In particular,
the passivation layer 8 may also comprise the same material
as the second mask layer.

FIG. 2D shows a further method step, in which the
passivation layer 8 1s removed selectively from the side of
the second mask layer 6 remote from the semiconductor
body 1 and from the bottom face 12 of the at least one recess
10, such that the passivation layer 8 remains at least in part
on the side face 11 of the at least one recess 10 1n the region
of the underetch or undercut 13, particularly preferably on
the entire side face 11. A directional etch back method 99 1s
used 1n particular for this purpose, as indicated by the arrows
shown 1n FIG. 2D. The etch back method 99 may proceed
over a large area and without the use of an additional mask,
since the second mask layer 6 ensures the necessary shad-
owing of the side face 11 of the at least one recess 10 1n the
semiconductor body 1. The directional etching method 90
may, for example, be a dry chemical etching method, in
which a fluorine-containing gas, in particular a fluorine
plasma 1s used. Particularly preferably, after the etch back
method 99 the passivation layer 8 remains solely at least in
part on the side face 11 of the at least one recess 10 1n the
semiconductor body 1.

Because production of the second mask opening 60 in the
second mask layer 6, which defines that region of the recess
10 1n which the passivation layer 8 1s removed again, and
production of the recess 10 1tself are combined 1n a joint
method step, formation of the second mask opening 60
relative to the recess 10 takes place 1n a self-adjusting
process. The defined underetching of the second mask layer
6 represents markedly simpler process control compared
with a separately produced mask and thus a cost reduction
compared with known methods.

The second mask opening 60 and the recess 10 may also
be produced using a multistage etching method, as shown 1n
FIGS. 3A and 3B. To this end, for example, the at least one
second mask opening 60 may be formed in the second mask
layer 6 by means of a first etching method. If an oxide or
oxynitride 1s used as the material for the second mask layer
6, the method may, for example, be a dry chemical etching
method. As 1s visible 1n FIG. 3A, a region of the semicon-
ductor body 1 may also be removed by such an etching
method. The optionally final configuration of the at least one
recess 10 in the semiconductor body 1 may proceed by
means ol a second etching method. In particular, the second
ctching method, which may, for example, be a wet chemaical
ctching method, may produce the undercut 13 through
underetching of the second mask layer 6 in the region of the
edge of the second mask opening 60.

Such a multistage etching method may be advantageous,
for example, 1n conjunction with a semiconductor body 1
based on an InAlGaN compound semiconductor material,
since with this material system 1t may be possible for purely
wet chemical etching of Ga-polar surfaces to be possible
only with difliculty. Starting from a dry-etched opening 60
in the second mask layer 6 and optionally also a region in the
semiconductor body 1, the undercut 13 necessary for the
further method may however be produced using additional
wet chemical etching.

In the case of nitride compound semiconductor material
systems, 1.e., a semiconductor body based on InAlGaN, the
etching action of a wet chemical etching method may be
dependent on the crystal face to be etched. In this case, 1t
may be advantageous for the mask opemings 30, 60 and
accordingly the recess 10 to have a hexagonal shape.
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The method step shown 1 FIG. 3B may be followed by
the further method steps described 1n relation to FIGS. 2C
and 2D.

A further exemplary embodiment of a method for pro-
ducing a semiconductor body 1 with at least one recess 10
provided with a passivation layer 8 1s described in relation
to FIGS. 4A to 4D. Compared with the methods described in
conjunction with the previous exemplary embodiments, 1n
the method of FIGS. 4A to 4D an etch stop layer 9 1s applied
in the form of a cover layer to the second mask layer 6 prior
to application of the first mask layer 5. The etch stop layer
9, as shown 1n FIG. 4A, may 1n particular be applied to the
second mask layer 6 over a large area and unpatterned. The
first mask layer S with the at least one first mask opening 50
1s formed thereover, as described above.

In the course of producing the second mask opening 60 in
the second mask layer 6 and the at least one recess 10 1n the
semiconductor body 1, these forming the undercut 13, an
opening 90 1s also formed in the etch stop layer 9 in the
region of the at least one first mask opening 50. Accordingly,
alter formation of the at least one recess 10 1n the semicon-
ductor body 1 the etch stop layer 9 remains only on the side
of the second mask layer 6 remote from the semiconductor
body 1. The etch stop layer 9 may, for example, comprise or
consist of aluminum oxide, which 1s highly selective 1n
particular in relation to fluorine-containing gases which may
be used for dry chemical etching methods, for example, for
the second mask layer 6 or the passivation layer 8. In the
event of aluminum oxide being used, phosphoric acid may,
for example, be suitable for selectively opening the etch stop
layer 9 1n the region of the first mask opening 50 1n the first
mask layer 5.

In the further method steps shown 1n FIGS. 4C and 4D, as
was already the case 1n the above-described methods of
FIGS. 2A to 2D, after removal of the first mask layer 5 the
passivation layer 8 1s applied over a large area and selec-
tively removed by a directional etch back method 99 from
the side of the second mask layer 6 remote from the
semiconductor body 1 and the bottom face 12 of the recess
10, such that the passivation layer 8 remains on the side face
11 of the recess 10 1n the region of the undercut 13. In
particular, the passivation layer 8 1s applied to the etch stop
layer 9, such that the latter 1s covered by the passivation
layer 8. The etch stop layer 9 on the side of the second mask
layer 6 remote from the semiconductor body 1 may protect
said second mask layer 6 during the directional etch back
method 99, such that process control can be relaxed. For
instance, over-etching may 1n particular proceed for an
extended period compared with a method without etch stop
layer, without the problem arising of the second mask layer
6 being damaged or etched through.

A further method for producing a semiconductor body 1
with at least one recess 10 provided with a passivation layer
8 according to a further exemplary embodiment i1s described
in relation to FIGS. SA to SE. In this method, an etch stop
layer 9 1s likewise additionally used, as was already the case
in the preceding exemplary embodiment.

The method steps shown i FIGS. 5A and 5B here
correspond to the method steps described in relation to
FIGS. 2A and 2B and optionally to the method steps
described 1n relation to FIGS. 3A and 3B. As shown 1n FIG.
5C, 1n a further method step an etch stop layer 9 1s applied
over a large area to all the bare surfaces of the second mask
layer 6 and of the at least one recess 10 1n the semiconductor
body 1. A method described previously 1n conjunction with
the passivation layer 8 may, for example, be used for this
purpose. The passivation layer 8 1s applied over a large area
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of the etch stop layer 9, as described 1n conjunction with the
previous methods, such that the etch stop layer 9 1s com-
pletely covered by the passivation layer 8.

In a further method step, as shown in FIG. 3D, the
previously described directional etch back method 99 1s used
selectively to remove the passivation layer 8 from the side
of the second mask layer 6 remote from the semiconductor
body 1 and from the bottom face 12 of the recess 10, such
that as a result of the undercut 13 the passivation layer 8
remains on the side face 11 of the recess 10.

In a further method step, as shown 1n FIG. SE, the etch
stop layer 9 may be removed from the side of the second
mask layer 6 remote from the semiconductor body 1 and
from the bottom face 12 of the recess 10. Because the etch
stop layer 9 1s arranged under the passivation layer 8, it
remains on the side face 11 of the at least one recess 10
together with the passivation layer 8 and thus contributes to
passivation of the side face 11 of the at least one recess 10.

The passivation layer 8 produced using the above-de-
scribed methods on the side face 11 of the at least one recess
10 1n the semiconductor body 1, and optionally also the etch
stop layer 9, form together with the second mask layer 6
remaining on the semiconductor body 1 an insulation layer
such as, for example, the insulation layer 113 described 1n
relation to FIG. 1, which insulation layer 113 covers the
semiconductor body 1 contiguously apart from the bottom
face 12 of the at least one recess 10.

The exemplary embodiments described in connection

with the figures may alternatively or in addition comprise
turther features described above 1n the general part.
The description made with reference to exemplary
embodiments does not restrict the invention to these
embodiments. Rather, the invention encompasses any novel
feature and any combination of features, including in par-
ticular any combination of features in the claims, even 11 this
feature or this combination 1s not 1itself explicitly indicated
in the claims or exemplary embodiments.

The mvention claimed 1s:

1. A method comprising:

A) providing a semiconductor body;

B) applying a first mask layer and a second mask layer to
the semiconductor body, wherein the second mask
layer 1s applied unpatterned to the semiconductor body
and the first mask layer 1s applied patterned with at least
one {irst mask opening to the second mask layer;

C) forming at least one second mask opening in the
second mask layer and at least one recess in the
semiconductor body 1n a region of the at least one first
mask opening in the first mask layer, wherein the recess
comprises a side face and a bottom face and the recess
forms an undercut with the second mask opening, when
viewed from the first mask opening;

D) applying a passivation layer unpatterned to the second
mask layer and to the side face and the bottom face of
the at least one recess; and

E) removing the passivation layer from the side of the
second mask layer remote from the semiconductor
body and the bottom face of the at least one recess,
wherein the passivation layer remains at least 1in part on
the side face of the at least one recess; and

wherein the method further comprises performing at least
one of:
applying, in method step B, an etch stop layer between

the first and second mask layers; or
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applying, over a large area, between method steps C
and D, an etch stop layer to the second mask layer,
to the side face and the bottom face of the at least one
recess.

2. The method according to claim 1, wherein the second
mask layer remains on the semiconductor body and forms a
contiguous 1nsulation layer together with the passivation
layer atter method step E.

3. The method according to claim 1, further comprising,
prior to method step D, removing the first mask layer.

4. The method according to claim 1, wherein, 1n method
step C, the at least one second mask opening and the at least
one recess are formed by a jomnt etching method, and
wherein the joint etching method 1s a wet chemical etching
method.

5. The method according to claim 1, wherein, 1n method
step C, the at least one second mask opening 1s formed by
a first etching method and the at least one recess 1s formed
by an at least one second etching method, and wherein the
first etching method 1s a dry chemical etching method and
the second etching method 1s a wet chemical etching
method.

6. The method according to claim 1, wherein the semi-
conductor body comprises a semiconductor layer sequence
with semiconductor layers arranged one above the other, and
wherein the first mask layer 1s applied to a major surface of
the semiconductor layer sequence.

7. The method according to claim 1, wherein, 1n method
step E, the passivation layer 1s removed by a directional etch
back method.

8. The method according to claim 7, wherein the direc-
tional etch back method 1s a dry chemical etching method.

9. The method according to claim 1, wherein the second
mask layer and the passivation layer comprise the same
material.

10. The method according to claim 1, wherein, in method
step C, at least one opening 1s formed 1n the etch stop layer
in the region of the at least one first mask opening such that,
aiter method step C, the etch stop layer remains only on the
side of the second mask layer remote from the semiconduc-
tor body.

11. The method according to claim 1, wherein, 1n method
step E, the etch stop layer and the passivation layer are
removed from the side of the second mask layer remote from
the semiconductor body and from the bottom face of the at
least one recess, and wherein the etch stop layer and the
passivation layer remain at least in part on the side face of
the at least one recess.

12. The method according to claim 1, wherein the etch
stop layer comprises aluminum oxide.

13. The method according to claim 1, further comprising
using a phosphoric acid to remove the etch stop layer.

14. The method according to claim 1, wherein the second
mask layer and/or the passivation layer comprise silicon
dioxide or silicon oxynitride.

15. The method according to claim 1, wherein the first
mask layer 1s a resist mask.

16. The method according to claim 1, wherein a fluorine-
containing gas 1s used to remove the passivation layer.

17. A method comprising:

A) providing a semiconductor body;

B) applying a first mask layer and a second mask layer to
the semiconductor body, wherein the second mask
layer 1s applied unpatterned to the semiconductor body
and the first mask layer 1s applied patterned with at least
one first mask opening to the second mask layer;
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C) forming at least one second mask opening in the
second mask layer and at least one recess in the
semiconductor body 1n a region of the at least one first
mask opening 1n the first mask layer, wherein the recess
comprises a side face and a bottom face and the recess
forms an undercut with the second mask opening, when
viewed from the first mask opening;

D) applying a passivation layer unpatterned to the second
mask layer and to the side face and the bottom face of

the at least one recess; and

E) removing the passivation layer from the side of the
second mask layer remote from the semiconductor
body and from the bottom face of the at least one
recess, wherein the passivation layer remains at least in
part on the side face of the at least one recess,

wherein, 1n method step B, an etch stop layer 1s applied
between the first and second mask layers, and in
method step C, at least one opening 1s formed in the
etch stop layer 1in the region of the at least one first mask
opening such that after method step C the etch stop
layer remains only on the side of the second mask layer
remote from the semiconductor body, and the etch stop
layer comprises aluminum oxide and/or phosphoric
acid 1s used to remove the etch stop layer, or

wherein, between method steps C and D, an etch stop

layer 1s applied over a large area to the second mask

layer and to the side face and the bottom face of the at

least one recess, and 1 method step E, the etch stop

layer and the passivation layer are removed from the
side of the second mask layer remote from the semi-
conductor body and from the bottom face of the at least
one recess and the etch stop layer and the passivation
layer remain at least 1n part on the side face of the at
least one recess.

18. A method comprising:

A) providing a semiconductor body;

B) applying a first mask layer and a second mask layer to
the semiconductor body, wherein the second mask
layer 1s applied unpatterned to the semiconductor body
and the first mask layer 1s applied patterned with at least
one first mask opening to the second mask layver,

C) forming at least one second mask opening in the
second mask layer and at least one recess in the
semiconductor body 1n a region of the at least one first
mask opening in the first mask layer, wherein the recess
comprises a side face and a bottom face and the recess
forms an undercut with the second mask opening, when
viewed from the first mask opening;

D) applying a passivation layer unpatterned to the second
mask layer and to the side face and the bottom face of
the at least one recess:

E) removing the passivation layer from the side of the
second mask layer remote from the semiconductor
body and from the bottom face of the at least one
recess,

wherein the passivation layer remains at least in part on
the side face of the at least one recess,

wherein, 1n method step C, the at least one second mask
opening and the at least one recess are formed by a joint
etching method, or

wherein, 1n method step C, the at least one second mask
opening 1s formed by a first etching method and the at
least one recess 1s formed by at least one second etching
method, and wherein, the first etching method 1s a dry
chemical etching method and the second etching
method 1s a wet chemical etching method.
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19. The method according to claim 18, wherein the second
mask layer comprises an oxide or an oxynitride.

20. The method according to claim 18, wherein the second
mask layer comprises silicon dioxide or silicon oxynitride.
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